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Introduction
Liver resection offers the only possibility of cure for patients with colorectal metastases 1 and is an important treatment modality for patients with hepatocellular carcinoma. 2 Initial experiences in hepatic resection were associated with significant morbidity and mortality; however, increased understanding of hepatic segmental anatomy and improvements in surgical equipment, associated with the accumulation of surgical experience, have led to continued improvements in perioperative outcomes and most major series now report mortality rates of <5%. 3 As a result, liver resection is now seen as a first-line treatment in suitable patients.
Intraoperative blood loss is a predictor of perioperative outcome following liver resection 3, 4 and may have an effect on longterm disease-free survival. 5, 6 In addition to surgical techniques such as total vascular exclusion, modifications of intraoperative patient management procedures, such as low central venous pressure (CVP) anaesthesia and acute haemodilution, have been shown to reduce blood loss and perioperative morbidity. 7, 8 Many previous reports of liver resection series describe procedures in which expertise was still being accumulated or centre on small numbers of surgeons and anaesthetists, or refer to contexts in which less advanced techniques were utilized. 3, 7 In the current era of low CVP management and contemporary techniques, this study sought to examine the factors in perioperative care that are associated with blood loss and postoperative morbidity in an established tertiary referral centre for hepatic surgery.
Materials and methods
Data were collected from the Lothian Surgical Audit database and by retrospective case note review for patients who underwent liver resection at the Royal Infirmary of Edinburgh between June 2007 and June 2009. A standardized data collection form was used. Variables recorded included patient characteristics (age, gender, diagnosis, comorbidities), surgical, anaesthetic and intraoperative details, postoperative analgesia and i.v. fluids received, transfusion on the day of surgery (including intraoperative transfusion and transfusion administered in the anaesthesia recovery room), complications and overall length of hospital stay. Major resections were classified as those involving three or more segments. Complications were recorded using the Dindo-Clavien classification system. 9 Intraoperative stability and volume status were assessed by collecting the highest and lowest recorded CVPs during the procedure, and the lowest recorded mean arterial pressure (MAP). Operative blood loss was recorded at the end of the operation by operating department staff. The names of surgeons and anaesthetists were coded during data entry and the analyses were performed in a blinded manner.
All data were entered into a database using Microsoft® Access 97. Data were analysed using spss Version 15.0 (SPSS, Inc., Chicago, IL, USA). The Mann-Whitney U-test was used for continuous variables and the chi-squared test for categorical variables. Data are presented as medians, with ranges in parentheses, except when stated otherwise. Spearman rank correlation analysis was performed to assess the relationship between peak and minimum CVP and operative blood loss. All factors identified on univariate analysis as predictive of operative blood loss of Ն1000 ml in major resections with a P-value of <0.1 were entered into a backwards stepwise multiple logistic regression model.
Results

Population characteristics
Over the 2-year period studied, 190 patients were submitted to liver resection. Comprehensive data were available for 175 (92%) of these patients. Demographic data are presented in Table 1 .
Operative details and blood loss
Complete blood loss data were available for 166 (95%) patients. Intraoperative events and postoperative details are shown in Table 2 . Operative details and complication rates for all resections stratified by blood loss are shown in Table 3 . Underlying hepatic fibrosis or steatosis had no significant bearing on blood loss.
Following the identification of an increased complication rate in patients with greater blood loss, analysis was undertaken to determine the pre-and intraoperative factors that might predict greater blood loss in major resections. Greater losses were seen in patients with hepatocellular carcinoma and cholangiocarcinoma. Neither pre-existing comorbidity nor operating surgeon affected blood loss, but the amount of blood loss was associated with the anaesthetist involved. Assessment of the intraoperative volume status of patients undergoing major resection revealed that higher peak CVP levels were associated with greater rates of blood loss of Ն1000 ml (P = 0.010) and peak CVP was weakly correlated with operative blood loss (Fig. 1) . Analysis of preoperative laboratory results did not show any relationship between prothrombin time or platelets and bleeding.
Logistic regression was performed to establish which indices were independent predictors of blood loss of Ն1000 ml. Two factors remained independently significant: CVP of >10 cm H2O, and the responsible anaesthetist (P = 0.02) ( Table 4 ). The regression model showed no lack of fit to the model (HosmerLemeshow test, P = 0.963), but limited predictive value (Nagelkerke R 2 = 0.354). 
Blood transfusion
Transfusion practices varied among anaesthetists. A total of 45 patients (26%) received blood on the day of surgery. Five anaesthetists administered blood only to patients in whom the total blood loss was >1500 ml. However, two anaesthetists took a more liberal approach to blood administration and transfused patients with lesser blood loss (minimum blood losses resulting in transfusions of 205 ml and 885 ml, respectively). Fifteen of the 62 patients under the care of these two anaesthetists received blood transfusions despite having lost <1500 ml of blood; these accounted for 15 of the 16 patients in whom blood loss was below this threshold and who received transfusions (Table 5) . Patients who received a blood transfusion on the day of surgery were more likely to suffer a postoperative complication (22 of 45 vs. 38 of 130; P = 0.001) and to have a prolonged hospital inpatient stay (median stay 6 days vs. 9 days; P < 0.001), and had a greater likelihood of in-hospital mortality (four of 45 vs. two of 130; P = 0.039). There was no difference in baseline clotting characteristics between patients who received transfusions and those who did not.
Discussion
This study demonstrates a relationship between CVP and blood loss in hepatic resection and suggests that the standardization of intraoperative management may improve outcomes associated with liver surgery.
The link between higher CVP values and greater intraoperative blood loss during parenchymal transection would appear to be intuitive. However, this has not been consistently demonstrated in previous studies because only approximately half of the published series have shown higher CVP to have an effect. [10] [11] [12] This is one of the largest studies to show that CVP correlates with blood loss. Several recent studies on living donor liver transplantation (LDLT) have found that CVP had no effect on blood loss 13,14 and some have advocated that CVP monitoring is not required in this type of surgery. 15 However, this may relate to absolute CVP level. The findings of older studies correlating high CVP and blood loss 7 have been adopted by these LDLT centres, which actively strive to maintain low target CVPs.
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The positioning of the pressure transducer is an important consideration in the interpretation of CVP because the relationship between the CVP transducer and the operative site will change depending on the segmental location of the resection and the physical dimensions of the liver. 16 The data recorded in the present study represent maximum and minimum CVP levels, collected retrospectively from anaesthesia charts. The optimal index measurement is CVP during parenchymal transection, taking into account other factors such as positive end-expiratory pressure and transducer position. However, in this study the highest recorded CVP was predictive of blood loss. The strength of the association between CVP and blood loss might have been improved if transection CVP had been used; this measurement should be used in any future prospective study.
Variations in anaesthesia practice within and among institutions have been demonstrated previously in liver transplantation 17, 18 and in open heart surgery. 19 This study found that practices in intraoperative fluid administration and blood transfusion differed within a group of anaesthetists experienced in the care of patients undergoing hepatic resection.
Intraoperative fluid administration varied among anaesthetists. There is increasing evidence that volume restriction may influence outcomes in critical care and major surgery. 20 A recent randomized controlled clinical trial in cardiac surgery demonstrated that restrictive intraoperative fluid regimens are associated with reduced operative blood loss. 21 In liver surgery, many centres have embraced a policy of restricted fluid administration. 8,13,22 From this retrospective study, it is not possible to ascertain whether the relationship between intraoperative fluid administration and blood loss reflects one of cause or of effect, but the differences seen among different anaesthetists may suggest that it reflects inter-individual practice. Restricted fluid administration does not impair renal function in hepatic surgery 22 and the current evidence would appear to favour a restrictive regimen in liver resection.
The overall transfusion rate in this series was 26%. The published literature describes highly variable rates of transfusion, which vary according to centre and the years for which data are analysed, and typically range from 17% to 50%. 3, 4, 23 Although the overall transfusion rates in this study compare well with those of other studies, it is interesting to note that there were differences in transfusion triggers among anaesthetists. Variable transfusion practices have been noted both within and among institutions in liver transplantation. 17, 18 A relationship between increased transfusion rates and poorer postoperative outcomes has been demonstrated repeatedly in liver surgery. However, it remains unclear whether or not this simply reflects more difficult surgery. Although this study did not assess the transfusion trigger on a case-by-case basis, the implementation of a unit-wide agreement on transfusion triggers might reduce transfusion heterogeneity in this patient group.
There are a number of interventions to change transfusion practices which have been used previously in different settings, albeit with mixed levels of success. 24 An international definition and grading of the severity of post-hepatectomy haemorrhage has been proposed to facilitate the comparison of results from different studies. 25 Similarly, standardized grading of intraoperative blood loss could be applied to operative blood loss and replacement to facilitate and standardize the reporting of complications in future trials. The anaesthetist has previously been recognized as a risk factor in cardiac surgery. 26, 27 No effect of anaesthetists on mortality or morbidity emerged in this study, but it is insufficiently powered to make such an assessment. There were no differences among anaesthetists in overall case mix and the relationship between anaesthetist and blood loss may reflect variations in intraoperative management and may be attributable to the amount of crystalloid administered intraoperatively or to CVP management.
This study has a number of limitations. These include its retrospective nature, potential unaccounted bias and the way in which CVP was recorded (peak CVP). Furthermore, the true triggers for blood ordering and administration in individual patients cannot be established. It will be essential to test the findings of this study in a prospective controlled study. In addition to improving the detail of CVP measurement (mean, peak and transectional CVP), such a study should seek to definitively identify the factors that trigger blood transfusion, including the assessment of the speed of blood loss, intraoperative haemoglobin levels and the time and point of blood ordering.
In conclusion, this study identified variations in the intraoperative management of patients undergoing liver surgery which were associated with increased operative blood loss. Collaboration between surgical and anaesthesia teams and the development of standardized protocols may contribute to the minimizing of blood loss and improve the outcomes associated with liver surgery. Table 5 Transfusion practices of different anaesthetists. Analysis was performed only in 159 patients for whom complete data were available and who were cared for by the 'usual' anaesthetists. Case mix data include those patients for whom blood loss data were unavailable
